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Abstract - Wireless LANs in the 2.4-GHz ISM-band create 
a new Electromagnetic Compatibility (EMC) problem. We in­
vestigated the interference characteristics between such wire­
less LANs in the case of identical systems, systems with differ­
ent technical parameters for modulation and demodulation, and 
using a Gaussian noise source as a disturbance source. Experi­
mental results show that higher throughput is obtained when 
adjacent wireless LANs use different systems, and that inter­
ference characteristics can be evaluated experimentally using a 
Gaussian noise source. Calculated BER characteristics for the 
interference agree with experimental measurements, indicat­
ing that this calculation method can be used for the design of 
the wireless LAN network to avoid interference. It is possible 
to construct an efficient wireless LAN network by combining 
different wireless LAN systems. 
INTRODUCTION 
Wireless LANs based on Spread Spectrum (SS) in the 
2.4-GHz band are widely used in the world[l][2]. Since SS 
systems of several wireless LANs occupy the same frequency 
range, interference will occur between them. Although there 
are regulations to avoid interference in many radio communi­
cation systems, no such regulations have been specified for 2.4-
GHz ISM-band wireless LANs[l]. This should be considered 
as a new Electromagnetic Compatibility (EMC) problem be­
cause transmitters of other wireless LANs represent a kind of 
disturbance source. 
Although interference between radio communication 
systems and other disturbance sources, such as a microwave 
oven or Gaussian noise, has been studied[3]-[5], the interfer­
ence characteristics have not been investigated using real wire-
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less LANs. It is important to know these characteristics in 
to design wireless LAN system in buildings or offices wi 
the interference[ 6] [7]. 
This paper presents measured interference charac 
tics of 2.4-GHz band wireless LANs and theoretically ana 
them. As disturbance sources, we used a wireless LAN 
same type, one with different technical parameters for m 
tion and demodulation, and a Gaussian noise source. 
WIRELESS LAN SYSTEM
The wireless medium access control (MAC) and 
cal (PHY) specifications of the 2.4-GHz ISM-band wir 
LAN are standardized by IEEE 802.11. A wireless LA 
tern is composed of some base stations called access poin 
many personal stations. 2.4-GHz ISM-band wireless LA 
terns use Direct Sequence Spread Spectrum (DSSS) o 
quency-Hopping Spread Spectrum (FHSS). We used two 
of DSSS systems in our measurements. The technical p 
eters of the wireless LAN systems are summarized in Ta 
We cannot connect their different wireless LAN syste 
cause their transmission frame format, modulation, and 
lation process are different. Access to wireless LAN syst 
80 
Table 1. Technical parameters of DSSS wireless L 
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Fig. 3 Throughput characteristics in case of the interference 
between two wireless LAN systems. 
cess point and the disturbance source is more than 4 m in case 
1 and more than 6 m in case 2, the affect of the interference is 
smaller than that from the same system. 
The communication signal propagation characteristics 
of the access points are shown in Fig. 4. The electric field 
strength was measured at the height of 1.0 min a semi-anechoic 
chamber and normalized by the maximum value. The transmit­
ting antenna of the access points were monopole antennas and 
the received antenna was a horn antenna. The results show the 
difference in transmitting power levels between the wireless 
LANs. This difference affects the results of cases 1 and 2 in 
Fig. 3. The relationships between throughput and ratio of de­
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Fig. 4 Communication signal propagation characteristics 
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Fig. 5 Throughput characteristics versus D/U ratio. 
to evaluate the throughput characteristics without any 
ence in transmitting levels. As shown in Fig. 5, the thro 
characteristics of cases 1 and 2 are proportional to the D 
tio, and are higher than those of cases 3 and 4 when th 
ratio was above 15 dB. This means that it is possible t · 
an efficient wireless LAN network without any through 
terioration by combining systems using different techni 
rameters and by considering the D/U ratio. 
White Gaussian Noise 
As a simple method for evaluating interferenc 
Gaussian noise is widely used [4][ 5]. We examined 
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Fig.6 "throughput characteristics in case of Gaus 
and communication signal. 
sian approximation for the interference between 
systems. For system A, we compared two distur­
; the access point of system B ( case 1) and a 
\source (case 5). The Gaussian noise used in the 
ad bandwidth of 60 MHz and the center fre­
the wireless LAN system. Thus, the Gaussian 
der bandwidth than the communication signal of 
lAN system. The relationships between through­
ratio are shown in Fig. 6. The differences in the 
.etween cases 1 and 5 were less than 10 percent, 
sthat it is possible to estimate the throughput char­
tween wireless LANs having different modulation 
yusing Gaussian noise. 
oughput characteristics of wireless LAN systems 
;effects of error correction, we used the Bit Error 
to evaluate the interference characteristics without 
ion. However, it is difficult to measure the BER of 
less LAN system. Therefore, we constructed an SS 
tern C) to measure BER characteristics and to evalu­
erference on the physical layer. Modulation param­
other technical parameters of System C are shown in 
'The BER of System C was measured when distur­
rce was system A, system B, or a Gaussian noise 
e relationships between BER and D/U ratio are shown 
The results show that the communication signals of 
and Bhad the same effect on the BER of system C, 
he BER for Gaussian noise (case 6) was higher than 
systems A and B for the same D/U ratio. This means 
ommunication signal modulated by the same spread­
nee has the same effect on BER characteristics of an 
, and that hardly any SS systems have a noise margin 
aussian noise. If the SS system is disturbed by the 
Modulation parameters and other technical 
parameters of System C. 
perating frequency range: 
adulation : 
hannel data rates: 
preading sequence: 
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Fig. 7 BER characteristics of system C. 
communication signal modulated by the same spreading se­
quence, the BER characteristic can be regarded as being almost 
equal to that for the case of a Gaussian noise. 
THEORETICAL ANALYSIS 
We calculated the BER characteristics to investigate the 
mechanism of the interference, and examined the validity of 
the calculated results. Figure 8 shows the analytical model of 
the interference used for Digital Signal Processing (DSP) analy­
sis. The DSP model of system A, system B, or a Gaussian noise 
source were used as the disturbance source. BER can be ob­
tained as follows: First,the communication signal is modulated 
by the transmitter and a disturbance noise is added. Second, the 
synthetic signal demodulated by the receiver is compared with 
the transmission signal, and the levels of disturbance noise are 





Fig. 8 DSP analysis model for the interference. 
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Fig. 9 Calculated and measured BER characteristics. 
Numerical Analysis 
Figure 9 shows the calculated results and the measured 
data for cases 6, 7, and 8 in Table 2. The calculated and mea­
sured BER are offset by only a few dB. These differences arise 
because the disturbance noise was presented in a semi-anechoic 
chamber for the measurement, but given directly for the calcu­
lation. Therefore, The interference characteristics of wireless 
LANs can be calculated by using the DSP analysis, and we can 
simulate the BER characteristics using the model in Fig. 8. 
Theoretical Discussion 
Experimental and numerical results shown in Fig. 9 are 
considered theoretically as follows. Process gain Gr of the SS 
system is written as 







where BW is the bandwidth (Hz) of the spread spectrum, R is 
the information rate (bit/sec), T0 is the signal duration, Tc is the 
chip duration. and N is the spreading sequence length (T
h 
=N · 
T) [8]. The noise margin Mi is defined as
8-l 
(2) 
M. is the residual robustness that the system has against a dis-,J turbance. (S/N)0u, is the signal-to-noise ratio of the receiveroutput and L represents other losses[8]. Among practical sys-sys terns, almost all SS systems have equal (S/N\u, and L,ys if they
use the same radio frequency bandwidth. Therefore, the noise
margin of an SS system is proportional to the spreading sequenc
length. If the disturbance source is an SS system using the samspreading sequence, then the noise margin of the SS syste
will be smaller than when the disturbance source is one using
different spreading sequence. In other words, the interferenc
characteristics for a different system are similar to the interfer
ence characteristics for Gaussian noise. On the other hand,
the disturbance source is an SS system using a different sprea
ing sequence, the noise margin of the SS system becomes e
fective. For example, as shown in Fig. 7, the BER characteri
tics for the interference between systems A and B is small
than that for the interference caused by a Gaussian noise at t
same D/U ratio. This means that there is a difference in t
spreading sequence length, and which can approximated as
10 · log (Mj121 I Mj11) = 10.6 (dB) 
where Mi 11 is the noise margin of the SS system using the 
chips spreading sequence, and M
i 127 
is that using the 127 c 
spreading sequence. The difference of 10 dB agrees with 
difference between experimental and calculated results sh 
in Fig. 9. 
Interference between real wireless LAN systems 
We calculated the BER characteristics for the inte 
ence between real wireless LAN systems by using the 
analysis. The interference characteristics relate to the signal 
lision timing because the real wireless LAN s have the s 
spreading sequence. Therefore, BER characteristics were 
cu lated by changing the initial offset , of undesired signal 
calculated intert·erence characteristics between wireless 
systems are shown in Fig.10. where , is the time delay 
undesired signal for the desired signal and T, is the chip 
tion. Here. the BER �haracteristics were changed in steps 
difference in the collision timing between desired and 
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Fig. 10 Calculated interference 
between wireless LAN systems. 
sume that the collision between desired and undes­
als is caused randomly in the interference between real 
LANs. Then the probability is 1/11 if , is less than 
duration Tc, because the spreading sequence is the length 
ips. Accordingly, average BER P is approximated as 
avg 
= (1 - 1/11 )- Pa + 1/11 · Pb (4) 
• and Pb are the BER of a wireless LAN system when
ve and below Tc, respectively. From Equation (4), the
the interference between wireless LAN systems P is
avg 
ed as shown in Fig. 10. The BER characteristics are
to those for Gaussian noise, and this result agrees with
erimental result in Fig. 6.
Therefore, the interference characteristics between wire­
systems having different technical parameters for the
ation and demodulation can be evaluated by measuring
Gaussian noise. Moreover, it is possible to design the
s LAN network without interference by using this inter­
characteristic analysis and radio signal propagation 
CONCLUSIONS 
The interference characteristics between different wire­
AN systems were investigated, and the results showed 
that the throughput of a LAN system was improved by combin­
ing systems using different technical parameters for modula­
tion and demodulation. The calculated BER characteristics by 
DSP analysis agreed with the measured data, so the interfer­
ence characteristics can be calculated by the model used in this 
paper. In the future, we will calculate the throughput character­
istics for the interference and design wireless LAN network that 
avoids such interference. 
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